Background: Earlier studies have found increased breast cancer risk among female cabin crew. This has been suggested to reflect lifestyle factors (for example, age at first birth), other confounding factors (for example, age at menarche), or occupational factors such as exposure to cosmic radiation and circadian rhythm alterations due to repeated jet lag. Aims: To assess the contribution of occupational versus lifestyle and other factors to breast cancer risk among cabin attendants in Finland. Methods: A standardised self-administered questionnaire on demographic, occupational, and lifestyle factors was given to 1041 cabin attendants. A total of 27 breast cancer cases and 517 non-cases completed the questionnaire. Breast cancer diagnoses were confirmed through the Finnish Cancer Registry. Exposure to cosmic radiation was estimated based on self-reported flight history and timetables. A conditional logistic regression model was used for analysis. Results: In the univariate analysis, family history of breast cancer (OR = 2.67, 95% CI: 1.00 to 7.08) was the strongest determinant of breast cancer. Of occupational exposures, sleep rhythm disruptions (OR = 1.72, 95% CI: 0.70 to 4.27) were positively related and disruption of menstrual cycles (OR = 0.71, 95% CI: 0.26 to 1.96) negatively related to breast cancer. However, both associations were statistically non-significant. Cumulative radiation dose (OR = 0.99, 95% CI: 0.83 to 1.19) showed no effect on breast cancer. Conclusions: Results suggest that breast cancer risk among Finnish cabin attendants is related to well established risk factors of breast cancer, such as family history of breast cancer. There was no clear evidence that the three occupational factors studied affected breast cancer risk among Finnish flight attendants. E arlier studies of cancer incidence and cancer mortality among aircrew personnel have shown that overall cancer risk incidence and mortality are comparable with that in the general population.
Background: Earlier studies have found increased breast cancer risk among female cabin crew. This has been suggested to reflect lifestyle factors (for example, age at first birth), other confounding factors (for example, age at menarche), or occupational factors such as exposure to cosmic radiation and circadian rhythm alterations due to repeated jet lag. Aims: To assess the contribution of occupational versus lifestyle and other factors to breast cancer risk among cabin attendants in Finland. Methods: A standardised self-administered questionnaire on demographic, occupational, and lifestyle factors was given to 1041 cabin attendants. A total of 27 breast cancer cases and 517 non-cases completed the questionnaire. Breast cancer diagnoses were confirmed through the Finnish Cancer Registry. Exposure to cosmic radiation was estimated based on self-reported flight history and timetables. A conditional logistic regression model was used for analysis. Results: In the univariate analysis, family history of breast cancer (OR = 2.67, 95% CI: 1.00 to 7.08) was the strongest determinant of breast cancer. Of occupational exposures, sleep rhythm disruptions (OR = 1.72, 95% CI: 0.70 to 4.27) were positively related and disruption of menstrual cycles (OR = 0.71, 95% CI: 0.26 to 1.96) negatively related to breast cancer. However, both associations were statistically non-significant. Cumulative radiation dose (OR = 0.99, 95% CI: 0.83 to 1.19) showed no effect on breast cancer. Conclusions: Results suggest that breast cancer risk among Finnish cabin attendants is related to well established risk factors of breast cancer, such as family history of breast cancer. There was no clear evidence that the three occupational factors studied affected breast cancer risk among Finnish flight attendants. E arlier studies of cancer incidence and cancer mortality among aircrew personnel have shown that overall cancer risk incidence and mortality are comparable with that in the general population. 1 However, several studies have found increased breast cancer risk among female cabin crew. [2] [3] [4] [5] [6] [7] [8] [9] This has been suggested to reflect occupational exposure to cosmic radiation, hormonal alterations due to repeated jet lag, lifestyle factors, or confounding by factors such as age at menarche and menopause. The contribution of various factors has remained unclear, due to the fact that all earlier reports have limited extent of information on potential confounders-that is, the well known risk factors for breast cancer.
We conducted a nested case-control study of breast cancer among cabin attendants in Finland. The purpose of the study was to assess the contribution of occupational versus nonoccupational factors to breast cancer risk among cabin crew.
METHODS

Data collection
The source population consisted of all Finnish female airline cabin attendants, who were born in 1960 or before. A total of 1098 eligible woman were identified in the source population from the files of Finnair and Finnish Cabin Crew Union (table 1) .
In the source population, a total of 57 women (5%) could not be traced because of death (n = 32), unknown current address (n = 17), or other reasons (n = 8). A standardised self-administered questionnaire (followed by two reminder letters for non-respondents) was mailed to all women with known addresses (n = 1041). Information was collected on: (1) demographic factors; (2) occupational factors including duration of active employment as cabin attendant, the monthly number of short, medium, and long haul flights, disturbances of sleep and menstrual cycle related to disruptions of circadian rhythm; and (3) other possible risk factors for breast cancer including number of births, age at first birth, breast feeding, number of spontaneous and induced abortions, age at menarche, age at menopause, use of oral contraceptives, participation in mammography screening, use of hormonal replacement therapy, family history of breast cancer, benign breast disease, alcohol consumption, and smoking habits.
Only those attendants who had ever worked as cabin attendants for Finnish flight companies for at least two years were included in the study. Short term employees were excluded as they have only negligible occupational exposure and may differ from the rest of the population in several respects, including breast cancer risk.
A total of 45 breast cancer cases were diagnosed in 1975-2000 among cabin attendants; 36 of those could be traced. The breast cancer cases were identified by a record linkage with the Finnish Cancer Registry, a nationwide, population based registry with a practically complete coverage of solid cancer cases in Finland. 10 Radiation dose from occupational exposure to cosmic radiation was estimated based on reported flight history and Finnair timetables. Information on the average monthly number of flights by decade (1960s, 1970s, and 1980s ) and flight category (domestic, Europe, Far East, North America, and other long haul) was collected using a self-administered questionnaire. The questions concerning the flight history are shown in the Appendix. To complement the questionnaire data, we collected information on the frequency of flights from Finnair timetables and selected representative routes for each flight category. The radiation dose for every flight category was calculated using CARI-6 software, developed for this purpose by the US Federal Aviation Authority. 11 Using the information on self-reported flight history and radiation dose by flight category, the cumulative occupational dose was calculated as the sum of radiation doses received in the 1960s through the 1980s. The dose received over the last 10 years prior the reference year was excluded to allow for the induction period of at least 10 years for radiation induced solid tumours. 12 The occupational radiation dose assessment method has been described in detail elsewhere. 13 All the study subjects gave written informed consent for participation. The Finnish Advisory Board for Radiation Safety approved the study protocol.
Statistical analysis
Information on all variables was taken into account before the reference year-that is, the year of breast cancer diagnosis for the cases and the date of diagnosis of the case for the controls.
The number of cumulative fertile years was calculated for postmenopausal women from age at menarche to the age at menopause, excluding periods of pregnancy and breast feeding. For premenopausal women, the number of cumulative fertile years was calculated from age at menarche to the reference year, excluding periods of pregnancy and breast feeding. The association between number of fertile years and breast cancer was analysed per five year increment in fertile years. Alcohol consumption was measured as a number of units (0.33 litres of beer or cider, 12 cl wine, 8 cl fortified wine, or 4 cl spirits) per week. Alcohol consumption was categorised into two groups: 0-7 units per a week, and .7 units of alcohol consumed per a week. Family history of breast cancer was categorised into two groups: absence versus presence of breast cancer cases among first degree relatives (mother, sister, daughter). Miscarriages and abortions were merged as a one variable with two categories (no miscarriages or abortions and one or more miscarriages or abortions).
The association between breast cancer and cumulative radiation dose was analysed per 10 mSv increment in dose, assuming a linear dose-response relation without a threshold. Active work years were defined as the time from beginning of cabin work to the end of work, less major absences from work, for example, maternity leaves or long sick leaves. Reported disturbances of sleep rhythm during long flights were categorised into two groups (never or rarely versus sometimes or often), as well as disturbances of menstrual cycle (never or rarely versus sometimes or often).
For each case, up to four controls were chosen with matching on year of birth (¡1 year). A conditional logistic regression model was used for both univariate and multivariate analysis with breast cancer status as the outcome measure. Univariate analysis was done by including one independent variable of interest in the model. Multivariate analysis was used to study whether non-occupational factors affect the estimates obtained for occupational risk factors, and thus both occupational and non-occupational variables were included in the model. Non-occupational factors were selected on the basis of a priori criteria-that is, strong evidence on the relation to breast cancer risk. Confidence intervals reported are likelihood based. 14 To assess possible selection bias (differences between participants and non-participants and their effect on the results), we calculated the odds ratio for breast cancer for all the subjects in the cabin attendant cohort (44 breast cancer cases and 921 non-cases, including those untraced subjects and non-participants whose start and end of cabin works was known) using crude exposure data available for every subject. Occupational dose was estimated based on number of active work years assessed from the dates of start and end of cabin work obtained from Finnair and the Finnish Cabin Crew Union. This information was combined with the estimated mean annual cosmic radiation dose by calendar period, 13 to obtain a crude estimate of cosmic radiation dose for every person. The analyses were adjusted with age. Further, older women-that is, those who more likely have a longer recall period-might report flight activity, menstrual cycle distortions, and sleeping distortions with a different degree of accuracy than younger women. Thus, we assessed the modifying effect of age by dividing the study subjects into two groups (50 years of age or younger, and over 50 years of age) and examined the effect of occupational dose, sleep disturbances, and menstrual disturbances on breast cancer by age group.
RESULTS
A total of 544 flight attendants (27 cases and 517 non-cases) returned a completed questionnaire, corresponding to a response proportion of 60% for cases and 52% for non-cases. For each case, up to four controls were chosen; 27 cases and 103 controls were therefore included in the final analysis. Response proportions were similar for subjects living abroad Policy implications N There is no need to take occupational factors into account in breast cancer prevention among cabin attendants. N There was no clear evidence that the three occupational factors studied affect breast cancer risk.
and those living in Finland (51% and 54% respectively). Those still working as a cabin attendant (typically younger) had higher participation rates (62%) than those who had already quit their work (typically older) (43%).
In the univariate analysis, family history of breast cancer (OR = 2.67, 95% CI: 1.00 to 7.08) had a borderline significant association with breast cancer ( When the odds ratio (age adjusted) for breast cancer for all the subjects in the cabin attendant cohort was calculated using crude cosmic radiation exposure data, the occupational radiation dose was not associated with breast cancer (OR = 0.96, 95% CI: 0.83 to 1.11).
When the effect of occupational dose, sleep disturbances, and menstrual disturbances was assessed by age group, the mean cumulative occupational dose for women 50 years of age or younger was 27.2 mSv (range 0-103.5 mSv, 95% CI: 20.9 to 33.4 mSv), and for women over 50 years of age,
associated with breast cancer (OR = 0.86, 95% CI: 0.52 to 1.42) and the result was similar among older women (OR = 1.02, 95% CI: 0.84 to 1.24). Among women 50 years age or younger, 58% reported having sleep disturbances sometimes or often; the percentage was 51% among women over 50 years of age. The association of sleep disturbances with breast cancer risk was negative among younger women (OR = 0.70, 95% CI: 0.19 to 2.58) and positive among older women (OR = 3.62, 95% CI: 0.93 to 14.08). Thirty per cent of women 50 years age or younger reported having menstrual disturbances sometimes or often; the percentage was 27% among women over 50 years of age. The association of menstrual disturbances with breast cancer risk was negligibly protective, both in younger women (OR = 0.89, 95% CI: 0.19 to 4.12) and in older women (OR = 0.52, 95% CI: 0.13 to 2.04).
DISCUSSION
An earlier study 2 showed a significant excess in the incidence of breast cancer (SIR 1.87) among Finnish cabin attendants. Based on updated follow up, the age adjusted breast cancer incidence is 81.2/100 000. In comparison, the breast cancer rate for general Finnish female population is approximately 57.4/100 000 (adjusted with the age distribution of cabin attendants). This result implies that the excess risk in the incidence of breast cancer among Finnish cabin attendants has persisted.
In our study family history of breast cancer was the strongest determinant of breast cancer. Earlier studies have also suggested family history as one of the strongest risk factors for breast cancer, especially in early onset disease. 15 Yet, in a retrospective study recall bias may also occur-that is, people with a disease are more likely to be aware of a similar diagnosis in a relative. 16 This leads to higher sensitivity in exposure assessment among cases and differential misclassification with overestimation of the effect. However, an evaluation on precision of reported family history of breast cancer in Finland suggested that selfreported family history is quite accurate. 17 Alcohol consumption seemed to be associated with breast cancer. Even if the well established risk factors for breast cancer are hormone related, there is strong previous evidence of the effect of alcohol consumption, even moderate, on breast cancer risk. 18 19 Differential recall bias might also occur with respect to alcohol consumption-that is, people with the disease are prone to exaggerate the exposures they think are related to the disease.
Furthermore, the number of fertile years-that is, the cumulative number of ovulatory cycles-had a minor positive relation to breast cancer. There is previous evidence that the cumulative number of ovulatory cycles (that is, cumulative oestrogen exposure due to early menarche, late menopause, etc) is a major determinant of breast cancer. 15 However, the phenomenon is difficult to study since many other exposures (age at menarche, breast feeding, parity, etc) are strongly associated with number of fertile years. There is strong previous evidence for the protective effect of parity against breast cancer in general. 15 In this study, protective association was found but the confidence intervals were wide. Among parous women, breast feeding increased the risk of breast cancer in univariate analysis. This is opposite to previous evidence for a minor protective effect of breast feeding from breast cancer. 20 Disruptions in sleeping pattern or menstrual cycle during flights across several time zones have been suspected to increase breast cancer risk. 21 This is believed to be due to excess exposure to light during normal sleeping hours and thus impaired pineal secretion of melatonin. 22 The melatonin hypothesis is supported by epidemiological studies on blind people. Blind people have increased levels of melatonin and have approximately half the rate of breast cancer. 23 24 The relation is still not fully understood and needs further research. In this study, reported sleeping disorders seemed to increase the risk of breast cancer but the relation was not statistically significant.
Menstrual cycle disruptions are common in flight attendants. 25 In our study, menstrual disruptions were negatively associated with breast cancer but the relation was not statistically significant. There is some previous evidence that short menstrual cycle might increase breast cancer risk. 15 The nature of the menstrual cycle disruptions of the cabin attendants is not known.
Risk of breast cancer was not associated with the cumulative occupational radiation dose. The expected magnitude of risk was small and we could not exclude a minor effect. The highest credible value was estimated as the upper limit of 95% confidence interval (1.274)-that is, 27.4% per 10 mSv. The validity of cosmic radiation exposure assessment has been thoroughly evaluated. However, a validation study is not possible, since in the Finnish setting the cabin attendants themselves are the only source of information on flight hours. There is a possibility of recall bias given the long recall period. In a previous study, we compares doses calculated from the flight hours based on questionnaires (individual data) with those based on number of flights per flight attendant, extracted from flight timetables (aggregate data). 13 The results suggest that cabin attendants may overestimate their flight hours. A similar phenomenon was observed in an American study, where it was found that cabin attendants considerably overestimate their block hours. 26 Yet, it is difficult to assess the potential recall bias from these findings mainly pertaining to reliability (random error).
Among atomic bomb survivors, breast cancer is one of the cancers most strongly related to radiation dose (ERR = 1.68 per Sv, 90% CI 1.31 to 2.10; that is, ERR = 0.0168 per 10 mSv). 27 The effect is strongest for exposures at young age, but weaker for women exposed after menopause. Similar results have been obtained in other studies of high dose rate exposures such as chest fluoroscopy. 28 Yet, few studies have evaluated the effect of protracted exposure, for example, at work. Radiological technologists in the United States did not have an increased breast cancer mortality overall, but those certified prior to 1950 had an excess risk, with SMR of 1.5. 29 Similar results have been obtained in a cohort of Chinese medical x ray workers. 30 However, both of these studies were limited by the lack of radiation dose estimates.
The main limitation of the study was the small number of cases, which restricts the statistical power. However, as the source population included practically all Finnish flight attendants, this constraint could not be overcome. Some results were inconsistent with earlier studies, which might be partly attributable to chance. Another limitation was that information on exposure was collected retrospectively. The case ascertainment was retrospective and therefore eight cases (18%) were deceased and one case (2%) had no current address. They were, therefore, unavailable for the study. The loss is assumed to be greater among breast cancer cases due to excess mortality and, therefore differential misclassification of exposure is possible, which may bias the result either away or towards the null.
To study the selection bias (participants versus nonparticipants), we calculated the odds ratio for breast cancer for the whole cabin attendant cohort using crude exposure data. The results showed that the occupational radiation dose was not associated with breast cancer. This result is comparable with that obtained in the main analyses (with smaller number of subjects) and indicates that selection bias attributable to incomplete tracing and participation did not substantially affect our findings.
One more limitation of the study was the suboptimal response proportion. If the selection effect is dissimilar among cases compared with controls (that is, exposure distribution in participants differs either more or less between participants and non-participants), selection bias could occur. Younger attendants actually had higher participation rates than older attendants. We assessed the modifying effect of age by dividing the study subjects into two groups (50 years of age or younger, and over 50 years of age) and examined the effect of occupational exposures on breast cancer by age group. No clear effect modification of age on the risk of breast cancer related to occupational exposures was observed. As expected, older women have accrued higher occupational doses, but the relation between radiation dose and breast cancer risk is fairly similar in the two groups. Results pertaining to the effect of sleep or menstrual disturbances on breast cancer risk are more difficult to interpret, as the estimates do differ, especially when the effect of sleep problems was assessed. However, the estimates can still be regarded as comparable due to wide confidence intervals. This suggests that the lower participation among older attendants did not distort the results.
In conclusion, our results suggest that breast cancer risk among Finnish cabin attendants is related to general, well established risk factors of breast cancer, such as family history of breast cancer. Occupational factors do not seem to exert an influence on breast cancer risk, but the evidence remains inconclusive. C ombating lead toxicity in children in developing countries seems a distant prospect with the failure of a study to identify the main causes of exposure in urban Nigerian children with high lead concentrations in their bloodstream. Multivariate analysis confirmed a link between a range of variables and high blood lead concentrations in two mostly Muslim administrative wards in Jos, Nigeria, one with a population with high amounts of lead in the bloodstream and one whose population had lower amounts. These were age (5 years; male sex; chipped (lead based) paint in the home; a nearby outfit selling gasoline or a nearby battery smelter; cosmetic use of lead ore eye pencils in children; and, rather surprisingly, parental education. Together they accounted for just 38% of total variance. Living in the ''high lead'' ward remained significantly related to raised blood lead, suggesting a residual cause not already accounted for. Among adults and children with complete data from 34 households, 137 lived in the high lead (mean blood concentration 37 (SD13) mg/l) and 138 in the low lead (mean 17 (10) mg/l) ward; 92 (34%) had values >10mg/l.
Adults and children were questioned about sources of exposure, and lead in the blood was measured from blood spot samples taken from a washed finger.
Seventy per cent of children aged 6-35 months in Jos have raised blood lead concentrations. Lowering lead exposure is a key step in reducing its toxic effects on cognitive development, especially in children, combined with calcium, iron, and vitamin C supplements in developing countries. 
